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A MBCHAMICAmf FIXBP RADAR AMTHÜIA WIIH 8CAMHING CAE^BILITY 

For a radar antenna system that scans a region of space subtending a 

small angle at the antenna, the generally adopted mechanism utilizes a fixed 

paraboloid and a mobile feed horn.    It was suggested that a stationary feed 

system consisting of more than one radiation source should have advantages not 

otherwise available. 

1. There would be no mechanical limitations.    All scanning would be 

accomplished electrically. 

2. The maximum power that can be radiated depends on the power handling 

capability of the components in the radiation feed system.   With a 

multiple feed assembly, higher beam powers can be readily obtained. 

3«     There should be less deterioration of the antenna beam when it 

scans off boreslght since the phase and amplitude of the sources 

can. be adjusted to tend to correct any phase errors of the wave 

front after reflection from the paraboloid. 

Desirable qualities of such a system are: 

1. As many as possible of the radiation sources are excited to maximum, 

or near maximum, power for any of the possible beam directions in 

any scanning operation. 

2. There should be a minimum number of sources and yet retain good 

antenna characteristics. 

3«     The sources should present minimum aperture block, thus limiting 

the area that they may cover. 

In particular, an antenna system with cylindrical symmetry was analyzed 

because the 3-dimensional problem reduces to one of two dimension^ Shd fimplifles 
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th. ««««««.   B» „««.try 1. .ho» in Hgu,, a.   n. toaa u** t * a* 

rrtUrt». a „«bouo cjllnte., «,4 «. „„t^ ^ a. ,„, „, .^ t<) 

30X «1 «OX «««««ly.   IM. «.lllvmln.t,d by „««,,,, !,,„.„„,„ 
l<~t.d in . ^ »^ * ^ ^ ^ ^ ^ IMI^1C wi|i^ ^ 

«n«« « ft« th. «rtot.   «»C 11« «».„, io..^ . ji«^, „ ^ ^ 

«»«1 ««.. «. ...„„4 t, b, a ho« b.^ . rrti.u« ^^ inttltflmet 

tb. 1«rtoU ^«o by the gü« ft^ctlo. „(a) - co.2a.   Thl. ». cho». b«.«. 

It «sproxlmted the jattora of « open mded ««gold,. 

Slno. tb. rtndy i. jn^rtiy ^ of t^^y ^ „.^^^ ^^ 

«. 1«. laport^t, «rlou. .pproxtotlon. for tb. purp,« of «^aiftctloo 

were devised. 

1.     The 2-diaen8lonal problem «as solved. 

Scalar wave theory «as used. 

The picture «as idealized so that only that radiation emanating 

trm the source, reflected once and then ttavellng undisturbed to 

the point of observation contributes to the calculated field. 

Thus, aperture block «as neglected. 

Hi« currents «ere not introduced to match boundary conditions. 

The equations that characterize the patterns are developed in the 

latter .art of this paper and the IBM 7090 center ^ used for all calculations. 

To obtain the quantitative results, the following procedure «as used. 

1.     A plane «ave «as assumed incident on the antenna.    0,, the angle 

bet«een the direction of projagation of the plane «ave and the axis 

of the parabola (boresight) «as set at 3 values, 0°,  k0 and 8°, 

Since the expected beam«ldth is approximately 1° this constitutes 

a scan limit of + 8 beamwldths. 

2. 

3. 

k. 
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2.  The relativ« amplitude of the signal received by a horn, u , «as 

calculated for all combinations of the 8 values of H - 20X, 21X, 

22\,  23X, 2kk,  25X, 26X, 27X, and the 21 values of e - -6.0X, 

-5.UX, -4.8X, ----- +5.4x, 46.ox. It «as expected that the R 

chosen In a final design would fail in this range, and because of 

aperture block, a is limited to a maxlmm of 1/5 a. 

3«  The horn was converted to a transmitter radiating a signal u », 

the complex conjugate of u . 
P 

b. The far field ^ was then found over a range of 0. 0 is the angle 

that a line in the direction of Q, the field point, makes with the 

axis of the parabola. 

For several horns radiating simultaneously, the field at Q is the 

s«n of fields produced by each horn radiating alone. For each R, 

the field pattern was then found for 21 radiating horns covering 

the 21 values of o. 

Figures 2 to 9 are graphs of these patterns showing the relative amplitude, 

in decibels, versus the angle 0 for R - 20X to 27X. bob figure has 3 patterns 

for 0o - 0°, I*0 and 8° and each pattern has a graph insert showing the horn 

position a, and relative amplitude |u| of the signals that produced it. 

Figures 10, 11 and 12 summarize the main characteristics as a function 

of R. Figure 10 is the gain. Figure 11 is the beamwldth at the 3 db and 10 db 

levels and Figure 12 is the side lobe level for the highest left and right side 

lobes. There is no distinct side lobe structure for Öo » 8°. Included in these 

figures are the characteristics that a single horn located at the focus of the 

parabola would produce. 
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It la apparent that the patterns deteriorate as R decreases. On the 

other h«d, the source .«pUtude distribution, are less djslrable tor the higher 

R values. It appears that R - 2U Is a good compronlse. 

me ««1 consideration Is the effect of altering L nu«ber of horns. 

The procedure layed out above «as repeated for R - 2k\ and 
\ 

values of o. 

Figure 13: 31 horns separated .Ux, a - -6.0X, -5. 

Figure Ik: 21 horns separated .6X, ff - .6.0X, -j.UX, ^.8x 46.0X. 

Figure 15: 16 horns separated .8x, a - -6.031, -5- 2X, -h.kx 46.0X. 

Figure 16: 13 horns separated 1.0X, a - .6.0X, -sjox, A.OX ....46.0X. 

Figure 17: 11 horns separated 1.2X, a = -6.01, -U.SX, -3.6X —.46.0X. 

eiäB lobe level Is 
The interesting feeture Is tbat for 16 or ß«er homs, the 

unus^y w . lm th«, i2 ah - ^ a „„„. .„„,3 a cLlaerable ^^ 

in slde-loh. lm* . to «« th« 18 ah. F.r this re^, [t appeers thst «ore 

than 16 hon. are required to produce a good antenna pattern. 

in »lev of the results of this amaysis, there appejr. to be merit in 

this type of antenna syst«. It . toäbAM type „^1 ls to ^ ^^^ 

the solution of the S-dlmenslonal prohl» vomd provide nor, accurate ^tltatlve 

values, xt should he realised, of course, that any scanning .echan!« that 

e«ends beyond a slmpie pUn. TOuld require . «ore elaborate systea of horns 

than a single row. 

A theoretical develojuent of the equations used fouL so as to enabl. 

the curious reader to examine in «reater flo^-o-n +u ^■ane m greater detail, the assunptdons mde and physical 
reasoning applied. 

various sets of 

6X, -5.2X 46.0X. 
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The antenna system Is represented in Figure 1. jfce reflector bas a 

parabolic cross section and the group of horns lies noraal to the axis of the 

pwaboia near Its focus. Tuo Isotropie units, A and B, are located in the 

"fto field" of the antenna, if A is radiating and B is not, and if the horns 

receive all the energy that is reflected fir« the parabola, then the principle 

of reciprocity Indicates that If the situation is altered to having the horns 

transmit signals «hose values are the complex conjugate of the signals they 

received, A receives all the energy and 3 receives none, (it is asstaed that 

no energy comdlng exists between any tw, horns or betwen A and B.) ühls Is 

the ideal condition for this result holds true regardless of the position of B 

and the radiation pattern must then apprcach a Wrac delta function vhose peak 

lies at A. 

m a practical situation, all the energy radiated by A and reflected 

Kould not be received by the horn array, and fever horns are more desirable, m 

addition., it is difficult to tell vhether the jtose or amplitude of one signal 

should be changed to improve the pattern if the array geometry is changed. But 

the principle of reciprocity can be used to compute a signal for each horn to 

radiate knowing that increasing the n^ber of horns, the pattern characteristics 

improves. 

^   The scalar Weld, u, at a point in a region satisfies the vave equation 

V u + k u - 0, k - |2. m the 3-dlmensional case, this equation has the 

solution 



vbere the integration is over the boundwy of the region. 

V the field at the point, p, melde the region. 

' is the field on the boundary. 

n is the nonnal to the boundary directed into the region. 
elkp 

V " ~' r l8 the ^»tMee ft« p to the boundary. 

In the 2.dl«enslonal proble», the Integre! becanes 

dr 

vhere the integration is over the clised curve, r 

up, u, n have the same meaning. 

And in the numerical calculations, the v used was again 
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(1) 
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A plane wave Hluminates the parabola and thus 

-Iks u « e 

. 1. tb. ai^oe ft. th. pun. „Te to . ^ M tte paraboU nmnA 

«eg tte alrMtlon of ^^^ of ^ ^ ^     ^ ^ ^ i8 

lecw BO that s - o at the vertex ot the pa«bola. 

*   ^ the o*.^. _ ^^ lt ^ ^^ ^ tu8 ^ ^ v 

». not co^et.   fer ^ of , , 100) M is ^ _ ^ ^ T ^ ^ 

-» as ^.    To obec. the efteet of u^ tMs ^ tor v, the ^^^ 
«ere repeated for PIKUP. 6   ,.„,, .,, uiaiions 

^     ^ altere4 ^ 8lI«*t^ » Ota»«. ta   ooe TOU14 My 18 ^^ to a ^ ^ ^ ^ ^ ^ 

istlc pattern. 



Substituting for u and v in equation (1) and simplifying, 

r 

[I1 ' ife) co■ (r' n) * C08 (•' n)] ^      (2) 
(r, n) and (s# n) are the angles between the directions of r and n and s and n 

respectively. g(a) is introduced to characterize the horns which are not 

isotropic. g(o) is the horn gain at angle, a. 

To determine the tar field, VL, the same formula (1) is used. The horn 

radiates a signal,u ♦, the complex conjugate of u and the parabola is then 
p ihr        p 

illuminated by a signal u - g(a) 5_— u *. 
Kr  p 

Also, 

v. [^ eltD.lk. 
D-s is the distance from the far-field point to the parabola.    D is a constant, 

s goes to 0 at the parabola vertex. 

Substituting and simplifying. 

\ m 
1/2 

e       u ♦ 
P 

MT-B) 

J 8<a) —Er—   j1 " ife   cos <r> n) + C0B (s, n) dT (3) 

(2) and (3) are the equations to be solved. In both foraulas, r is the contour 
2 

of the parabola and is given by the equation x ■ ^-. 

The normal 5* is a vector ldy - i)^    . idy - Jdx     — - - 

(ax*1 + dy2) 
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1 and J are the unit vectors along the X and Y axes. 

(R, 9) are the coordinates of p 

^- 1 (R - x) + J (o - y) 

r - FCR - x)2 + (o - y)2] 1/2 

s*- (1 cos 0 + J sin 0) s 

s ■ x cos 0 + y sin 0 

cos (r, n) - —r*' (R " X) %'  fo ' y) ^ 

x - (a 

cos (s, n) .UuT 
s 

-(cose-slno^g 

The ^ In the two expressions will combine with the dT In the Integral to 

convert to an Integration over y from y - -a to y = + a, the extent of the 

parabola. Finally, cos a ■ 

cos 0 dy - sin 0 dx 
dT 

dT 

R-x 
r  provides the value for g(a) ■ cos2a. Thus, 

the necessary equations have been derived. 
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Flgure It 

Figure 2s 

Figure 3: 

Figure ks 

Figure 5: 

Figure 6: 

Figure 7; 

Figure 6; 

Figure 9: 

Figure 10: 

Figure 11: 

Figure 12: 

Figure 13: 

Figure 1^: 

Figure 15: 

Figure 16: 

Figure 17: 

CAPPIOWS 

A schmatie representation of the antenna system. 

The fkr-field patterns calculated for R ■ 20X, 0   « 0°. k0 and 

8 .   21 horns separated .6X, a - -6.0X, -5.1»x, -U.8X -— 46.o\. 

Äch patten has a graph insert shoving the horn position o and 

horn relative signal amplitude lul. 

R - 21X 

R - 22\ 

R ■ 23)1 

R ■ 2U 

R ■ 25X 

R - 26X 

R ■ 27\ 

The calculated gain as a function of R. The dashed line is the 

value that a single horn located at the focus would have. 

The beaicwidth at the 3 db and 10 db levels. 

The side lobe level of the highest left and right-aide lobes. 

The fär-field patterns calculated for R = 2k\, 9   - 0°,  4° and 8°. 

31 horns separated .k\, a = -6.0X., .5.6X, -5.2\ -— +6.o\.    Bach 

pattern has a graph insert showing the horn position a and horn 

relative signal amplitude lul. 

21 horns separated .6\, a = -6.0*., .5.U, -k.&X —- +6.03C. 

16 horns separated .&\, a = -6.0\; -5.2\, -k.kX -— +6.ox. 

13 horns separated l.QX, a = -6.0X, .5.0X, -k.OX -— +6.0X. 

11 horns separated 1.2\, a = -6.0X, -k.Bx,  -3.6\ —- +6,ox. 
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Figure 10:  ^calculated gain as a function of R. The dashed line is the 
value that a single horn located at the focus would have. 
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Figure 11:  The beamwldth at the 3 db and 10 db levels. 
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Figure 12:      The side lobe ievel of the hlgheat left and right side lobeß. 
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